Improving Anhydrous Ammonia Application Efficiency by Hanna, H. Mark et al.
Proceedings of the Integrated Crop Management
Conference
Proceedings of the 13th Annual Integrated Crop
Management Conference
Dec 6th, 12:00 AM
Improving Anhydrous Ammonia Application
Efficiency
H. Mark Hanna
Iowa State University, hmhanna@iastate.edu
Paul M. Boyd
Iowa State University
Michael L. White
Iowa State University, mlwhite@iastate.edu
Thomas S. Colvin
Iowa State University
James L. Baker
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/icm
Part of the Bioresource and Agricultural Engineering Commons
This Event is brought to you for free and open access by the Conferences and Symposia at Iowa State University Digital Repository. It has been
accepted for inclusion in Proceedings of the Integrated Crop Management Conference by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Hanna, H. Mark; Boyd, Paul M.; White, Michael L.; Colvin, Thomas S.; and Baker, James L., "Improving Anhydrous Ammonia
Application Efficiency" (2001). Proceedings of the Integrated Crop Management Conference. 7.
https://lib.dr.iastate.edu/icm/2001/proceedings/7
IMPROVING ANHYDROUS AMMONIA APPLICATION EFFICIENCY 
H. Mark Hanna, Extension Ag Engineer, Paul M. Boyd, Research Assistant, Agricultural and 
Biosystems Engineering Department; Michael L. White, Field Specialist - Crops, ISU 
Cooperative Extension; Thomas S. Colvin, Agricultural Engineer, USDA Agricultural Research 
Service, National Soil Tilth Laboratory; and James L. Baker, Professor, Agricultural and 
Biosystems Engineering Department 
Introduction 
Large amounts of commercial nitrogen fertilizer are applied to Iowa corn, and in other sections 
of the United States to additional crops such as wheat and cotton. Anhydrous ammonia is the 
most popular form of commercial nitrogen application. In preparation for the 1999 crop year, 
1.4 billion pounds of nitrogen were applied as ammonia in Iowa and nine billion pounds were 
applied nationwide. Although crop rotation and manure utilization lessen the amount of off-farm 
purchased nitrogen, because of its low cost and existing distribution network, nitrogen in the 
form of anhydrous ammonia continues to be applied to many of Iowa's corn acres. The 
increasing cost of anhydrous ammonia has made effective and accurate application even more 
important to farmers. 
Physical properties of anhydrous ammonia cause it to convert from a high pressure liquid to a 
mixture of liquid and gas due to the decrease in pressure as it travels through application 
equipment. This liquid/gas mixture is very difficult to consistently distribute evenly to 
individual applicator knives across the swath width of the applicator. Perhaps because of these 
distribution problems, applicator operators tend to over apply nitrogen to compensate for these 
inherent problems. Individual case-study measurements of applicators have commonly found 
some individual knives to be applying three to four times the ammonia that other knives on the 
same applicator apply. Improving the uniformity of applicator distribution would give 
equipment operators more confidence that all plants were being equally fertilized and allow them 
to lower application rates. 
Materials and Methods 
Eight different manifolds have been tested with different configurations for ammonia distribution 
to individual outlets. Manifolds tested included a conventionaJ (Continental NH3 3497), 
Vertical-Dam (Continental NH3 Products) with various housings and ring styles, Cold-flo® 
(Golden Plains Ag Supply), Rotaflow™ (H.I. Fraser Pty Ltd), FD-1200 (John Blue Co.), and 
Equa-Flow™ (PGI International). In addition to these manifolds, two linear manifolds 
constructed from l-in. aluminum pipe with side and center (or "tee") entries were tested to try to 
predict flow within the manifold. Various entry methods into the conventional manifold were 
also tested including elbow, straight-pipe, and mixer-pipe sections. 
Measurements of manifold distribution uniformity were taken during field application by 
temporarily re-routing ammonia flow from each of 11 application knives to water-filled buckets. 
Measurements are expressed in four ways for each treatment: 1) the average amount (by weight) 
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that an individual port output varied from the mean of all port outputs, 2) the average percentage 
difference of an individual port output from the mean of all port outputs, 3) the ratio of the 
highest port output to the lowest port output (maximum difference) within each test run, and 4) 
the coefficient of variability (equal to the standard deviation divided by the mean and expressed 
as a percentage). Coefficient of variability is commonly used to measure application uniformity 
with lower values indicating more uniform application. To further model ammonia flow from 
the supply tank to the ground, pressure and temperature sensors were added into the flow system 
before and after the regulator and at the manifold. Experiments were conducted in August and 
November of 1999, March and November of2000, and April2001 under varying field and 
weather conditions. For more details into manifolds and experimental procedures see Boyd et al. 
(2000). 
Results and Discussion 
Various manifolds were used within each seasonal experiment or test. Because temperature and 
ammonia tank pressure conditions were different for each seasonal set of test runs, data are 
compared within each seasonal test. Tables one through five summarize the results. 
During the August 1999 experiment, application uniformity of the Vertical Dam and 
conventional manifolds were similar and both had greater uniformity than the Cold-flo® 
manifold. An attempt was made in August and November 1999 to improve distribution by 
increasing manifold pressure inside the Vertical Dam manifolds for the greater (150 lb N/a) 
application rate. This was done by either using a smaller orifice "Cotton" (part #R-152) ring 
than the normal "Com" ring or using a smaller (SH I part MVD) housing. Although application 
was adequate with the Cotton ring, in the small housing treatment, manifold pressure was greater 
than the manufacturer's recommended upper limit of 65% tank pressure and flow was restricted. 
During November 1999, application uniformity was slightly improved as a conventional 
manifold with an elbow-entry or uneven plugging was replaced with a straight-entry into the 
manifold from the bottom. Uniformity was better for the Vertical Dam and Rotaflow™ 
manifolds. 
The following spring (March 2000), the Rotaflow™ and some configurations of the Vertical 
Dam continued to have good uniformity. The Vertical Dam had better uniformity than the 
conventional manifold at the lower (75 lb N/ac) application rate, but was not as good as the 
conventional manifold at the higher (150 lb N/ac) application rate unless the Cotton ring was 
used in place of the Com ring. The flow became restricted when the Cotton ring used in this test 
increased the manifold pressure to 75% of tank pressure (greater than the recommended 65% 
upper limit) . Uniformity of the FD-1200 was near that of the Rotaflow™ at the high application 
rate, but near that of the conventional manifold at the low application rate. Linear-style 
manifolds had the least uniformity as outlets furthest from the entry had much greater outputs 
than those nearest the entry. 
During the November 2000 experiment, uniformity of the Rotaflow™ manifold was again good. 
Uniformity of the FD-1200 was just slightly better than the conventional manifold. During this 
test, the uniformity of the Vertical Dam manifold was similar to that of the Rotaflow™ manifold. 
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Vertical Dam manifold pressure was less than 65% and flow was not restricted. Application rate 
for the 150 lb N/ac rate was lower than normal for all manifolds, possibly due to unfamiliarity 
with a different style of flow regulator. 
During April2001, the Vertical Dam, FD-1200, and the Equa-Flow™ manifolds all had 
consistently better uniformity than the conventional manifold. In most cases (particularly at the 
150 lb N/ac application rate) there was not a statistically significant difference between these 
three manifolds, however, numeric values for uniformity generally improved slightly in this test 
from the Vertical Dam to the FD-1200 to the Equa-FlowTM manifold. 
Conclusions 
Newer manifold styles such as the Rotaflow™ being used in Australia and the FD-1200 and 
Equa-Flow~ (commercial prototypes) show promise of greater application uniformity than a 
conventional manifold. Application uniformity of the Vertical Dam manifold is better than that 
of a conventional manifold at application rates of 75 lb N/ac, but may not be superior to that of a 
conventional manifold at application rates of 150 lb N/ac unless a smaller orifice .. Cotton" (R-
152) ring is used. When using the Vertical Dam manifold, particularly with a ring with smaller 
than typical orifices, manifold pressure should be monitored to ensure that it is below 65% of 
tank pressure. Otherwise total flow rate may be restricted necessitating a return to a ring with 
larger orifices. Uniformity generally improved with higher application rates (particularly for the 
conventional and Vertical Dam manifolds). · 
Inertia of liquid ammonia flowing within the manifold can affect which outlet ports receive the 
greatest flow outputs. Experimental linear-style manifolds had the greatest flow from ports 
furthest from the inlet. If using a conventional manifold, do not connect outlet ports sequentially 
around the manifold perimeter to application knives, left-to-right, across the rear of the 
applicator. Instead, connect adjacent knives on the toolbar to different regions of the manifold. 
For further information on this technique see Hanna et al. (2001) or Hanna and White (1998). 
A voiding sequential connection of knives around the perimeter of other manifolds may also help 
distribution depending on manifold design. 
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Table 1. Tank and manifold pressure and application rate during treatments with various manifolds (August 1999).# 
Treatment Tank Manifold N application A vg. outlet A vg. % outlet High/low Coefficient of 
pressure pressure rate • difference, differencet ratio§ variation, % 
84 kglha (75 lb/a) 
Conventional 
Vertical Dam (SH) 
Cold-flo® 
168 kglha (150 lb/a) 
NH3± 
ps1 ps1 lb/ac lb 
154 
142 
145 
24 
64 
2 
73 
66 
56t 
0.116ab 
0.091b 
0.141a 
12.4b 
10.9b 
19.9a 
1.66 
1.47 
5.18 
16.1b 
13.4b 
27.1a 
Conventional 157 50 154 0.083a 8.2b 1.39 10.4b 
Vertical Dam (Cotton) 141 72 162 0.071a 7.5b 1.51 9.7b 
Vertical-Dam (SH) 141 105 131 0.037b 4.2b 1.21 5.7b 
Cold-flo® 144 3 103t 0.107a 15.8a 17.59 22.1a 
#Values in each column within each rate followed by a different letter are significant at the a= 0.05 level 
• Application rate as measured into collection buckets 
tMeasured liquid (without vapor) application rate only for Cold-flo® 
±Average lb NH3 difference of an outlet from mean of outlets 
t Average difference of outlet from mean of outlets expressed as a percentage of mean 
§Maximum difference = maximum outlet weight/minimum outlet weight 
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Table 2. Tank and manifold pressure and application rate during treatments with various manifolds (November 1999}.# 
Treatment Tank Manifold N application Avg. outlet· Avg.% outlet High/low Coefficient of 
pressure pressure rate • difference, differencet ratio§ variation, % 
NH3t 
pst psi lb/ac lb 
84 kg/ha (75 lb/a) 
Elbow-entry 83 20 79 0.212a 21.la 2.57a 
Mixer-entry 71 21 90 0.225a 19.6a 2.19b 
Straight -entry 70 20 92 0.114b 9.7b 1.42c 
Rotaflow™ 65 19 94 0.046c 3.8c 1.18c 
Vertical Dam (SH) 75 59 87 0.048c 4.3c 1.20c 
Uneven plugs 88 20 80 0.225a 22.1a 2.25b 
168 kg/ha (150 lb/a) 
Elbow-entry 81 . 35 144 0.137a 14.3a 1.75a 
Mixer-entry 70 35 164 0.129a 11.9ab 1.61a 
Straight-entry 78 34 145 0.116a 11.2ab 1.70a 
Rotaflow™ 65 35 158 0.028c 4.1d 1.23b 
Vertical Dam (Cotton) 89 57 150 0.082b 9.7bc 1.47ab 
Vertical Dam (SH) 85 74 105 0.044c . 6.4cd 1.32b 
Uneven plugs 68 37 170 0.130a 11.5ab 1.59a 
#Values in each column within each rate followed by a different letter are significant at the a = 0.05 level 
• Application rate as measured into collection buckets 
t Average lb NH3 difference of an outlet from mean of outlets 
t Average difference of outlet from mean of outlets expressed as a percentage of mean 
§Maximum difference = maximum outlet weight/minimum outlet weight 
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29.6a 
24.7b 
11 .8c 
4.9d 
5.7d . 
28.5a 
17.6a 
14.8ab 
15.6ab 
5.7c 
11.7b 
8.3bc 
14.1ab 
Table 3. Tank and manifold pressure and application rate during treatments with various manifolds (March 2000). # 
Treatment Tank Manifold N application A vg. outlet A vg. % outlet High/low Coefficient of 
pressure pressure rate • difference, differencet ratio§ variation, % 
NH/' 
ps1 ps1 lb/ac lb 
84 kglha (75 lb/a) 
Side Entry 58 17 94 0.869a 66.0a 7.34a 74.5a 
Tee Entry 59 16 95 0.862a 70.8a 8.64a 80.5a 
Conventional 46 21 103 0.210b 16.3b 1.99b 22.3b 
Vertical Dam (SH) 50 41 84 0.054c 5.lc 1.20b 6.0c 
FD-1200 58 23 96 0.156b 12.4b 1.96b 19.1b 
TM Rotaflow 61 20 93 0.061c 5.2c 1.24b 6.7c 
168 kg/ha (150 lb/a) 
Side Entry 56 29 177 0.686a 58.4a 7.05a 65.7a 
Tee Entry 60 32 181 0.608b 50.5b 5.70a 59.2a 
Conventional 80 41 170 0.149c 13.2cd 1.66b 16.0c 
Vertical Dam (Corn) 64 38 159 0.188c 16.0c 2.74b 27.5b 
Vertical Dam (Cotton) 51 38 141 0.090d 9.8de 2.55b 15.0cd 
FD-1200 58 36 155 0.056d 5.5ef 1.24b 6.7de 
TM Rotaflow 61 36 175 0.048d 4.2f 1.21b 5.4e 
#Values in each column within each rate followed by a different letter are significant at the a= 0.05 level 
·Application rate as measured into collection buckets 
±Average lb NH3 difference of an outlet from mean of outlets 
t Average difference of outlet from mean of outlets expressed as a percentage of mean 
§Maximum difference = maximum outlet weight/minimum outlet weight 
72 
Table 4. Tank and manifold pressure and application rate during treatments with various manifolds (November 2000). # 
Treatment Tank Manifold N application A vg. outlet A vg. % outlet High/low Coefficient of 
pressure pressure rate • difference, differencet ratio§ variation, % 
84 kglha (75 lb/a) 
Vertical Dam (SH) 
Conventional 
FD-1200 
RotaflowTM 
168 kglha (150 lb/a) 
NH3± 
pst pst lb/ac lb 
52 
58 
51 
49 
29 
17 
21 
16 
71 
81 
76 
83 
0.044a 
0.173b 
0.134b 
0.042a 
4.9a 
14.6b 
14.5b 
4.0a 
Vertical Dam (Cotton) 56 33 132 0.036a 4.1a, 
Vertical Dam (Corn) 56 26 131 0.073b 8.4ab 
Conventional 58 28 140 0.113c 12.0b 
FD-1200 51 29 127 0.089bc 1 0.5b 
RotaflowTM 48 22 118 0.046a 6.0a 
#Values in each column within each rate followed by a different letter are significant at the a= 0.05 level 
·Application rate as measured into collection buckets 
±Average lb NH3 difference of an outlet from mean of outlets 
t Average difference of outlet from mean of outlets expressed as a percentage of mean 
§Maximum difference = maximum outlet weight/minimum outlet weight 
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1.19a 
2.17c 
1.81b 
1.17a 
1.12a 
1.37ab 
1.71c 
1.52bc 
1.36ab 
5.9a 
22.8b 
19.0b 
5.0a 
5.4a 
10.3ab 
17.0c 
13.8bc 
8.2ab 
Table 5. Tank and manifold pressure and application rate during treatments with various manifolds (April2001). # 
Treatment Tank Manifold N application A vg. outlet A vg. % outlet High/low Coefficient of 
pressure pressure rate* difference, difference* ratio§ variation, % 
NH3± 
psi psi lb/ac lb 
84 kg/ha (75 lb/a) 
Vertical Dam (SH) 106 49 76 0.091b 9.5b 1.54b 12.6b 
Conventional 120 21 69 0.176c 20.1c 2.26c 25.9c 
FD-1200 96 25 81 0.086ab 8.3b 1.14a 9.8ab 
Equa-Flow™ 98 68 82 0.045a 4.3a 1.26ab 6.1a 
168 kg/ha (150 lb/a) 
Vertical Dam (Cotton) 100 58 152 0.084a 8.3a 1.38a 10.5a 
Conventional 121 48 151 0.130b 13.0b 1.95b 19.1b 
FD-1200 98 48 158 0.072a 6.9a 1.44a 9.9a 
Egua-Flow™ 98 67 158 0.058a 5.4a 1.35a 8.9a "<t r--
#Values in each column within each rate followed by a different letter are significant at the a= 0.05 level 
*Application rate as measured into collection buckets 
±Average lb NH3 difference of an outlet from mean of outlets 
t Average difference of outlet from mean of outlets expressed as a percentage of mean 
§Maximum difference = maximum outlet weight/minimum outlet weight 
